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Results

Overview
Our project investigates biochemistry students’ use
of the entities (pathway enzymes, substrates, and
products) involved in metabolic pathways.

This project is a basis for further research on
improving biochemistry instructional materials by
altering them to fit students' needs based on
research findings. Educators can use the results of
this research project to determine which entities
are routinely ignored or misinterpreted by
biochemistry students.
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Pyruvate kinase, phosphofructokinase, and
hexokinase were the most predominate
glycolysis enzymes mentioned by students.
Students frequently left out the PEP
carboxykinase enzyme from their
gluconeogenesis pathways.
Glucose was by far the most common
glycolysis substrate reported. The most
common gluconeogenesis substrate was
pyruvate, and the least common was
dihydroxyacetone phosphate.
Pyruvate was a glycolysis product recalled the
most, followed by ATP and then NADH. In
gluconeogenesis, phosphoenolpyruvate was a
frequently overlooked product, while glucose
was the most frequently recalled.
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Figure 1 Glycolysis and Gluconeogenesis
pathway 2
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This diagram depicts the
entities involved in the
glycolysis (on the left red
arrow) and
gluconeogenesis (on the
right blue arrow) pathway,
presented in opposite
directions. Substrates and
products are shown in
black, while enzymes that
differ between the two
pathways are shown in red
or blue text. In the first step
of glycolysis, glucose and
ATP are examples of
substrates, and glucose 6phosphate is the product of
the reaction. The reaction
is catalyzed by the enzyme
hexokinase.2
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Enzymes

Students' worksheets1 were analyzed using
Dedoose to determine which molecular-level
entities were more and less prevalent amongst
student responses.

Enzymes
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Figure 2 Student Glycolysis entities
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Figure 3 Student Gluconeogenesis
entities

*Entities mentioned by students that were unexpected or outside of the scope of this worksheet

Acknowledgements
The RCEU program is sponsored in part by the UAH Office of the President, Office of the Provost, Office of the Vice
President for Research and Economic Development, the Dean of the College of Science, the Dean of the College of
Engineering, and the Alabama Space Grant Consortium. We would like to thank Dr. Vogler and David Cook for their help
and support throughout the program.

1. Yung, Sonja B., and Todd P. Primm. “Active Learning for Basic Metabolic Pathways.” Journal of Microbiology &amp; Biology Education, vol. 15, no. 2, 2014, pp. 319–320., https://doi.org/10.1128/jmbe.v15i2.752.
2. Nelson, David L., et al. Lehninger Principles of Biochemistry. Freeman, 2021.

